Background: Mean platelet volume (MPV) is a marker of platelet activation. MPV and platelet count (PC) are negatively correlated, and their ratio (MPV/PC) is informative for the diagnosis of malignant tumors. However, the relationship between MPV/PC and colorectal cancer is unclear. This retrospective clinical study aimed to evaluate the diagnostic value of MPV/PC in colorectal cancer. Methods: Hematological examinations were performed at initial diagnosis in patients with colorectal cancer (n = 186) or adenomatous polyp (n = 132) and healthy controls (n = 108). Hematological parameters evaluated included white blood cells, red blood cells, hemoglobin, neutrophils, lymphocytes, monocytes, PC, and MPV. Statistical analyses included Student's t-test, one-way ANOVA or Kruskal-Wallis H test, chi-square tests, Spearman's correlation test and receiver operating characteristic (ROC). ROC curve was used to evaluate the diagnostic values of MPV and MPV/PC in colorectal cancer. Results: Among these groups, MPV was significantly lower in colorectal cancer than in adenomatous polyp (p = 0.002) and healthy controls (p < 0.001) but did not significantly differ between adenomatous polyp and healthy controls (p = 0. 210). MPV/PC was lower in colorectal cancer compared with adenomatous polyp and healthy controls (p < 0.001) and in adenomatous polyp compared with healthy controls (p = 0.010). MPV did not significantly differ among colorectal cancer subgroups, while MPV/PC significantly differed between TNM stages and the presence/absence of lymph node metastasis. MPV/PC was negatively correlated with the neutrophil to lymphocyte ratio(NLR) (p = 0.002) and platelet to lymphocyte ratio(PLR) concentration (p < 0.001). In the differential diagnosis between colorectal cancer and adenomatous polyp, MPV/ PC produced a larger ROC curve than MPV, NLR or PLR alone. Using MPV/PC to distinguish between colorectal cancer and controls produced a larger AUC than using MPV or NLR alone. Conclusions: MPV/PC may be useful for the diagnosis of colorectal cancer. However, further studies are warranted to include additional regions and more data, to assess the utility of MPV/PC as a novel diagnostic screening tool for colorectal cancer.
Background
Colorectal cancer is the third most common malignant tumor and the fourth leading cause of cancer-related deaths worldwide [1] . In China, there were 376,300 new cases of colorectal cancer, and 191,000 cases died of colorectal cancer in 2015 [2] . It is estimated that there will be more than 1.8 million new colorectal cancer cases and 881,000 deaths worldwide in 2018 [3] . Colorectal cancer takes years or even decades to develop, and many people do not develop clinical manifestations such as abdominal pain or intestinal bleeding until cancer metastasizes [4, 5] . Although patients with colorectal cancer can be treated with a combination of surgery, chemotherapy, and radiotherapy, a high recurrence rate, and distant metastases still threaten a large proportion of patients [6] . At present, colonoscopy dramatically improves the diagnostic rate of colorectal cancer, but its application is limited by its invasiveness, high cost, and inconvenience of operation [4] . Therefore, it is necessary to find a sensitive and straightforward index for the diagnosis of colorectal cancer.
The mean platelet volume (MPV) reflects the size of platelets, which is related to platelet production and activation [7, 8] . Studies have found that MPV is closely related to many kinds of tumors, such as colon cancer, thyroid cancer, and renal cell carcinoma [7, 9, 10] . Additionally, it has been shown that there is an inverse relationship between MPV and platelet count (PC), suggesting that these two variables should be interpreted as a ratio rather than being used alone [11] [12] [13] . Both MPV and PC are commonly available because they are inexpensive and simple parameters of whole blood counts, which are used as routine examination items in outpatients and inpatients.
Recently, much attention has been directed to the clinical value of the MPV/PC ratio in malignant tumors including hepatocellular carcinoma, pancreatic cancer, lung cancer, and other diseases [14] [15] [16] . However, as far as we know, the relationship between MPV/PC and colorectal cancer has not been reported. The purpose of this study was to investigate the relationship between MPV/PC and the clinicopathological features of colorectal cancer and to evaluate its value for the diagnosis of colorectal cancer.
Methods

Study population
This study retrospectively analyzed the patients with colorectal cancer who were first diagnosed in the First Affiliated Hospital of Guangxi Medical University between June 2012 and May 2018. Patients who had undergone surgical resection after being diagnosed with colorectal cancer but did not receive pharmacological treatment were included in the study. The exclusion criteria were as follows: pregnancy or lactation, other malignancies, thyroid disease, diabetes, cardiovascular disease, autoimmune diseases (such as idiopathic thrombocytopenic purpura), kidney disease, hematological disease, or blood transfusion within 3 months before admission. One hundred and eighty-six patients with colorectal cancer were included in the study and all patients were staged according to the 7th edition of the United States Joint Cancer Committee (UICC/AJCC) TNM staging criteria. One hundred and thirty-two patients diagnosed with colorectal adenomatous polyp were assigned to the adenomatous polyp group. Simultaneously, one hundred and eight healthy subjects were selected as the control group. There was no significant difference in gender or age between the three groups. The study was approved by the Ethics Committee of the First Affiliated Hospital of Guangxi Medical University. All the participants gave written informed consent.
Clinical measurements and calculation
Fasting venous blood was taken into an ethylenediaminetetraacetic acid-K 2 anticoagulant tube and a dry tube early during the early morning. A Beckman 780 blood cell analyzer (Beckman Coulter, Brea, CA) was used for the routine examination of blood samples. The laboratory data included white blood cells, red blood cells, hemoglobin, platelets, neutrophils, lymphocytes, monocytes, and mean platelet volumes. MPV/PC values were calculated from the mean platelet volume and the platelet count.NLR values were calculated from the neutrophil and the lymphocyte. PLR values were calculated from the platelet count and the lymphocyte.
Statistical analyses
The continuous variable data are expressed as mean ± standard deviation or median (interquartile range), and the categorical variable data are expressed in terms of frequency or rate. All data were statistically analyzed using the software programs SPSS 20.0 (IBM, Armonk, NY, USA), MedCalc 15.0 (MedCalc Software, Mariakerke, Belgium), and Prism 5 (GraphPad Software, San Diego, CA, USA). Data were compared between two groups by Student's t-test. Data were compared between three groups by one-way ANOVA or Kruskal-Wallis H test. The Chi-square test was used for the comparison of rates. Correlations were analyzed by Spearman's correlation test. The receiver operating characteristic (ROC) curve was used to calculate the sensitivity, specificity, positive predictive value, negative predictive value, and area under the curve (AUC), and to evaluate the diagnostic values of MPV and MPV/PC in colorectal cancer. Statistical significance was defined as p < 0.05.
Results
Clinical characteristics of the subjects
The clinical characteristics of colorectal cancer, adenomatous polyp, and control groups are shown in Table 1 . There was no significant difference in sex or age among the three groups. The values of MPV and MPV/PC in colorectal cancer, adenomatous polyp, and control groups are shown in Fig. 1 . MPV was significantly lower in the colorectal cancer group than in the adenomatous polyp and control groups (cancer vs. adenomatous polyp, p = 0.002; cancer vs. control, p < 0.001). However, MPV did not significantly differ between the adenomatous polyp and control groups (p = 0.210). The MPV/PC was lower in the colorectal cancer group compared with the adenomatous polyp and control groups (both p < 0.001) and in the adenomatous polyp group compared with the control group (p = 0.010).
Differences in MPV and MPV/PC among subgroups of colorectal cancer
The clinicopathological features of colorectal cancer subgroups and their preoperative values of MPV and MPV/ PC are shown in Table 2 . The MPV showed no significant differences among the subgroups regarding TNM stage, serosal invasion, lymph node metastasis, or distant metastasis. However, MPV/PC significantly differed between patients with stage I/II and stage III/IV cancer. Moreover, there was a significant difference in MPV/PC between patients with and without lymph node metastasis. The MPV/PC showed no significant differences among serosal invasion stages or between patients with and without distant metastasis.
Correlations between MPV, MPV/PC and other hematological measures of inflammation
Correlation analysis demonstrated that the MPV negatively correlated with PLR (r = − 0.207, p < 0.001). However, the MPV did not correlate with NLR (p > 0.05).
Correlation analysis demonstrated that the MPV/PC was negatively correlated with the NLR (r = − 0.148, p = 0.002) and PLR concentration (r = − 0.575, p < 0.001).
Diagnostic values of MPV, MPV/PC, NLR and PLR for differentiating between colorectal cancer and adenomatous polyp or controls
As shown in Table 3 , with the adenomatous polyp as the reference, the specificity of MPV/PC was highest at 52.15 in colorectal cancer as compared with the adenomatous polyp. As shown in Table 4 , with the controls as references, the specificity of MPV/PC was highest at 68.82 in colorectal cancer as compared with controls. Using MPV/PC to distinguish between colorectal cancer and adenomatous polyp produced a larger AUC than using MPV, NLR or PLR alone (all p < 0.05) (Fig. 2a) . Using MPV/PC to distinguish between colorectal cancer and controls produced a larger AUC than using MPV or NLR alone (both p < 0.001) (Fig. 2b) .
Discussion
At present, the mechanistic relationship between MPV/ PC and the occurrence or progression of malignant tumors remains unclear, but there are relatively more studies on MPV and PC separately than on MPV/PC. MPV represents the volume of platelets in the blood circulation and reflects their functional state [7, 13] . MPV is also an indicator of inflammatory diseases and is related to disease activity/severity [17, 18] . Studies have shown that inflammation is associated with the occurrence, development, and metastasis of multiple types of tumors [19] [20] [21] . The mechanisms may be related to the following reasons. First, inflammatory cells induce reactive oxygen species (ROS) production in cells, causing DNA damage and inhibiting DNA repair after injury, leading to tumorigenesis. Second, in the tumor microenvironment, inflammatory cells can secrete many cytokines, chemokines, and adhesion molecules in addition to promoting cell proliferation and angiogenesis, and these events promote tumor development and metastasis [22] [23] [24] . A decrease in MPV has also been implicated in locally advanced esophageal squamous cell carcinoma, gastric cancer, and bone marrow metastasis with solid tumors [25] [26] [27] . Platelets are non-nucleated cells that are produced by bone marrow megakaryocytes and are related to inflammation and thrombosis [28, 29] . Tumor cells associate with various cytokines such as platelet-derived growth factor, vascular endothelial growth factor, and other growth factors that stimulate platelet production [30] . Elevated platelet counts can produce more CD40L and promote an inflammatory response [29, 31, 32] .Increased degradation of large platelets under inflammation may lead to a decrease in MPV, possibly because larger platelets are more responsive to stimulation, and a significant number of larger platelets are more likely to be selectively degraded [25] .
In our study, the MPV values in the colorectal cancer group were significantly lower than those in the adenomatous polyp and control groups, which is in MPV mean platelet volume, MPV/PC ratio between MPV and platelet count, NLR neutrophil to lymphocyte ratio, PLR platelet to lymphocyte ratio, PPV positive predictive value, NPV negative predictive value, AUC (95% CI) area under the receiver operating characteristic curve (95% confidence interval) agreement with the findings reported by Cengiz et al. [33] . Sun et al. [25] found that MPV and MPV/PC were significantly decreased in patients with newly diagnosed locally advanced esophageal squamous cell carcinoma as compared to healthy controls. Inagaki et al. [34] found that the MPV and MPV/PC were significantly decreased in patients with non-small cell lung cancer as compared with controls. In our study, MPV/PC was significantly lower in the colorectal cancer group than in both the adenomatous polyp and control groups. Furthermore, MPV/PC negatively correlated with the NLR and PLR concentration. NLR and PLR are hematological measures of inflammation, which are related to several cancer types, including colorectal cancer, and renal cell carcinoma [35, 36] . Therefore, we speculate that the decrease of MPV/PC in colorectal cancer patients may be associated with an inflammatory reaction and suggest that it may be used as a marker to distinguish between benign and malignant colorectal tumors. MPV/PC is obtained by calculating the ratio of MPV to PC, which integrates the morphology and quantity of platelets and has a better diagnostic and predictive value than either parameter alone. The inverse relationship between MPV and PC may reflect the physiological tendency to maintain hemostasis [14, 37] . We also found that MPV showed no significant differences among subgroups regarding TNM stage, serosal invasion, lymph node metastasis or distant metastasis. The MPV/PC was significantly different in subgroups between patients with stage I/II and stage III/IV cancer. Moreover, there was a significant difference in MPV/PC between patients with and without lymph node metastasis. Therefore, we believe that MPV/PC may be useful for the differential diagnosis of early and advanced colorectal cancer.
In ROC curve analysis, a larger AUC indicates a better diagnostic efficiency. Cho et al. [14] found that the MPV/PC ratio showed a better result than MPV alone when using the AUC to evaluate the efficacy of MPV/PC for distinguishing between patients with hepatocellular carcinoma and healthy controls. Concordantly, when we used ROC curves to analyze the performance of MPV/ PC for distinguishing colorectal cancer from benign colorectal polyps, MPV/PC showed superior diagnostic performance than using MPV, NLR or PLR alone. Using MPV/PC to distinguish between colorectal cancer and controls produced a larger AUC than using MPV or NLR alone.
Accordingly, we believe that MPV/PC may be a promising diagnostic biomarker for colorectal cancer.
This study had some limitations, as follows. First, relatively few cases were enrolled, and the conclusions need to be confirmed by large-scale multicenter clinical studies. Second, this study had a retrospective design, which cannot completely resolve some confounding factors 
